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Introduction
Human UDP-glucuronosyltransferases (EC 2.4.1.17; UGTs) play a key role in the metabolism of endogenous and exogenous compounds (Tukey and Strassburg, 2000) . Human UGT superfamily is classified into UGT1 and UGT2 families, and further classified into subfamilies and isoforms, based on similarities between their amino acid sequences and gene organization (Mackenzie et al., 2005) . Characterization of genomic DNA clones encoding the UGT1A gene has shown that the UGT1A locus comprises multiple first exons that encode isoform-specific sequences and a single set of commonly used exons 2-5 that encodes the same sequence of all UGT1 isoforms (Ritter et al., 1992; Bosma et al., 1992) . The C-terminal domain conserved in UGT1 and UGT2 families is responsible for the UDPGA binding, whereas the N-terminal halves contain the aglycone binding site (Mackenzie, 1990 ).
Human UGT1A9 is one of the major isoforms in liver and extrahepatic tissues (Tukey and Strassburg, 2000) . UGT1A7, UGT1A8, UGT1A9, and UGT1A10 share very high amino acid similarity (93 -95%) within the UGT1A family members and exhibit overlapping substrate specificity (Strassburg et al., 1998; Tukey and Strassburg, 2000) . However, the binding affinities of substrates and catalytic efficiency are different between the four isoforms. Besides, some substrates are specific for certain UGT1A enzyme as follows; 5-(4'-hydroxyphenyl)-5-phenylhydantoin (UGT1A9) (Nakajima et al., 2007) , phenylbutazone DMD#022913 flow rate was 1.0 mL/min and the eluent was monitored at 241 nm. The 3-hydroxydesloratadine O-glucuronide formation was determined by the decrease of the peak area of the 3-hydroxydesloratadine. The retention times of 3-hydroxydesloratadine and its O-glucuronide were 21.9 and 6.3 min, respectively. The detection limit of the 3-hydroxydesloratadine was 0.5 pmol per injection.
Kinetic parameters were estimated from the fitted curve using a computer program (KaleidaGraph, Synergy Software, Reading, PA) designed for non-linear regression analysis.
The following equation was used:
where V is the velocity of the reaction at substrate concentration S, K m is Michaelis-Menten constant, V max is the maximum velocity. All the activities were normalized with the expression level of UGT proteins.
Native-PAGE analysis of wild-type and mutants UGT1A9
Total cell homogenates of each expression system in HEK293 cells were lysed in the solubilizing buffer (1.0 mg/mL in 0.5% NP-40, 0.25% sodium deoxycholate, 50 mM Tris-HCl pH 7.5, 150 mM NaCl, and 1 mM EDTA) on ice for 2 h and were centrifuged at 13,000 g for 30 min. To the 20-µL portion of supernatant, 1 µL of 60% glycerol containing 0.2% bromophenol blue was added. The samples were applied to Perfect NT Gel M (5-20% gradient, DRC, Tokyo, Japan). Immunoblotting was carried out using anti-human UGT1A antibody.
Statistical analyses
Data are expressed as mean ± SD of three independent determinations. Statistical significance of the kinetic parameters was determined by analysis of variance (ANOVA) followed by Dunnett's test. A value of P < 0.05 was considered statistically significant. 4 exhibited catalytic activity toward 3-hydroxydesloratadine with a higher turnover rate than that of UGT1A8 Supersomes (2.9 ± 0.2 pmol/min/unit). These results suggest that the residue at 152 would play an important role for the recognition of 3-hydroxydesloratadine as a substrate.
Native-PAGE analysis of wild-type and mutants UGT1A9
It has been demonstrated that UGTs form dimmers and the dimerization affects the catalytic property of UGTs (Finel and Kurkela, 2008) . To investigate whether the changes of activities in the mutants might be linked to the changes in the ability to form dimmers, we performed native-PAGE analysis. As shown in Fig. 5 , all mutants showed an obvious band representing the dimer with similar extent of wild type. Thus, the changes of the kinetics in mutants may not be due to the changes in the ability to form dimmers.
Discussion
It is generally accepted that the N-terminal domain in UGT is responsible for the substrate binding, whereas the C-terminal domain is responsible for the UDPGA binding (Mackenzie, 1990) . Although amino acid substitutions in the C-terminal region also affected the substrate binding, recent studies suggested that it might be due to the altered interaction between the N-terminal domain and C-terminal domain (Kurkela et al., 2004; Finel and Kurkela, 2008) . In the present study, we investigated the effects of substitution of amino acids in the N-terminal region of UGT1A9 to corresponding residues of UGT1A8 on the enzyme kinetics using seven mutants.
The recombinant UGT1A9 (wild-type) in HEK293 cells showed higher catalytic activities than the UGT1A9 Supersomes when the activities were normalized with the relative expression level (Tables 2 and 3 ). Such higher activities in HEK293 system than Supersomes were also observed for the glucuronidations of 5-(4'-hydroxyphenyl)-5-phenylhydantoin (Nakajima et al., [4,5-b] homogenates of each expression system in HEK293 cells were lysed and subjected to the native-PAGE analysis. Immunoblotting was carried out using anti-human UGT1A antibody.
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